Bacterial pathogen-associated molecular pattern molecules (PAMPs) such as LPS activate the endothelium and can lead to lung injury, but the signaling pathways mediating endothelial injury remain incompletely understood. In a recent issue of the JCI, Gandhirajan et al. identify STIM1, an ER calcium sensor, as a key link between LPS-induced ROS, calcium oscillations, and endothelial cell (EC) dysfunction. In addition, they report that BTP2, an inhibitor of calcium channels, attenuates lung injury. This study identifies a novel endothelial signaling pathway that could be a future target for the treatment of lung injury.
clearance of amyloid, with increased risk of developing Alzheimer's disease (8) . Other neurodegenerative diseases also result from aberrant protein accumulation in the interstitial space of the brain. Prion diseases, such as Creutzfeld-Jacob disease, Parkinson's disease, and frontotemporal dementia, may result from cell-to-cell transmission of protein in the extracellular, interstitial space (9) . Change in the kinetics of clearance of such proteins may be important in determining the rate of progression of these neurodegenerative disorders. Furthermore, the concentration and the distribution of molecules in the interstitial space of the brain are critical not only in chronic neurodegenerative disorders. Accumulation of interstitial fluid following mechanical and metabolic insults the presence of live bacterial infection to be certain that innate or adaptive immune responses to infection are not impaired.
Third, experiments in a larger animal model will be needed before this therapy is ready for clinical trials. Finally, it will be critical to determine the optimal timing for BTP2 delivery. Could therapy be administered to septic patients before the development of organ injury, and could it improve endothelial function after the onset of organ dysfunction? This study adds to the body of research that has identified endothelial dysfunction as a key lesion in animal models of infection and human sepsis and lung injury (14, 15) . Others have demonstrated that endothelial barrier function can be enhanced through multiple approaches, including strengthening endothelial junctions, reinforcing the endothelial cytoskeleton, and modulating endothelial cell activation (16) . Recent studies have targeted all three of these, with impressive results. London et al. showed that endothelial barriers can be tightened with a fragment of Slit2, which is an endogenous inhibitor of VEGF signaling. Delivery of a Slit2 fragment to human endothelial cells in vitro or to mice during infection decreased endothelial permeability and improved survival (17) . Similarly, molecules that target the angiopoietin-1 (Ang-1)/Tie-2 axis restored vascular permeability to a more normal state and improved blood flow to skeletal muscle by inhibiting phosphorylation-mediated VE-cadherin degradation (18) . Gandhirajan et al. add a new dimension to these studies by identifying calcium-mediated NFAT signaling as a potential pathway for pathologic endothelial activation.
Collectively, these studies provide a compelling rationale for human therapies that target the injured endothelium during the early phase of sepsis. Because clinical investigators are now more focused on identifying patients earlier in the course of sepsis and lung injury in the emergency department prior to admission to the intensive care unit (19) , this approach may be feasible in the clinical setting of human sepsis. oligomerization and migration can be modulated by various cellular factors, including cAMP, temperature, and ROS. In this way, STIM1 functions as a relay station for the cross talk among these different signal transduction pathways. Prior studies by this group indicated that oxidant stress can induce STIM1-mediated Ca 2+ entry via plasma membrane-bound Orai channels (12) . Oxidant stress can induce S-glutathionylation of cysteine residues within the luminal domain of STIM1. By sensing the oxidant stress, STIM1 acts as a coincidence detector to activate SOCE and alter mitochondrial oxidative metabolism. In the present work, the authors extend these findings by identifying TLR4 and NADPH oxidase (NOX2) as key components in this pathway (5) . LPS/TLR4 signaling can activate NOX2 and thus elevate oxidant stress through increased ROS production. According to this model, STIM1 can sense not only the depletion of Ca 2+ stores, but also changes in NOX2derived ROS through S-glutathionylation of cysteine residues.
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Calcium flux: a new target for therapy
In addition to outlining the critical role of STIM1 in mediating calcium oscillations and vascular permeability after LPS injury, Gandhirajan et al. tested a therapy that uncouples TLR4-mediated ROS from Ora1 channel calcium flux by blocking Oria1 channels (5) . The authors utilized BTP2, a pyrazole-derived inhibitor of calcium release-activated calcium (CRAC) channels, which was originally described as a T cell immunosuppressant (13) . BTP2 was delivered 2 hours after systemic LPS administration and resulted in a striking reduction in endothelial cell calcium flux and a sharp decrease in measures of lung injury. A key difference between treatment with BTP2 and other immunosuppressants is that BTP2 acts downstream of TLR4induced ROS. Thus, the potential antimicrobial benefit of ROS is preserved during BTP2 treatment and is divorced from the endothelial injury and apoptosis that lead to organ injury (Figure 1) .
Although these preclinical studies utilizing BTP2 in a mouse model of indirect lung injury appear promising, several important steps will be needed before BTP2 could be used to treat human lung injury. First, off-target effects, especially the effect of BTP2 on T cells, must be assessed. Second, BTP2-mediated inhibition of pulmonary endothelial dysfunction should be done in immunodeficiency, hepatosplenomegaly, autoimmune hemolytic anemia, thrombocytopenia, muscular hypotonia, and defective enamel dentition (7, 8) . The syndrome is invariably lethal, as patients succumb to overwhelming sepsis.
Mouse models that recapitulate this syndrome have been described, but only by achieving tissue-specific deletion of STIM1 or Orai1 in mice is it possible to investigate the physiologic role of SOCE. Gandhirajan et al. used endothelial cellspecific calcium sensor-knockout mice (Stim1 ΔEC mice) in a model of indirect lung injury. In contrast to littermate controls, Stim1 ΔEC mice did not display quantitative evidence of lung injury after LPS treatment. Strikingly, the levels of circulating inflammatory cytokines after LPS injection were identical in Stim1 ΔEC mice and controls, suggesting that it was the alteration of endothelial signaling events in the pulmonary capillary bed of the mutant mice that prevented the loss of lung endothelial integrity. Furthermore, the major difference between Stim1 ΔEC and wild-type endothelial cells was the absence of Ca 2+ oscillations in the mutants (5) .
The authors found that LPS/TLR4 stimulation influenced NFAT, a Rel A family transcription factor (5), explaining in part how deletion of STIM1 might influence gene expression. It has been established previously (6) that STIM1-mediated SOCE provides the sustained Ca 2+ entry necessary to maintain calcineurin-dependent activation of NFAT during immune cell activation and development in many cell types. In addition, TLR4 had been previously shown to activate NOTCH1 gene expression in valvular endothelial cells (9) . However, a link between TLR4, STIM1, and NFAT in pulmonary vascular injury had not been established. This finding opens many new avenues for investigation. For example, what are the NFAT transcriptional targets that regulate vascular permeability, and might they include the adhesion molecule ICAM-1, as was suggested recently (10)? Do STIM1-mediated Ca 2+ oscillations influence NF-κB signaling as well? Do NFAT and NF-κB cooperate synergistically to influence gene expression? Finally, the authors report that STIM1 mediates LPS-induced pulmonary endothelial cell apoptosis (5) , which may be a critical component of the pathophysiology of human acute respiratory distress syndrome (ARDS) (11) .
This work also sheds light on an emerging concept in the SOCE field. STIM1
